Europaisches Patentamt 
® European Patent Office 



© Publication number: 


Office europeen des brevets 

EUROPEAN PATENT APPLICATION 


0 460 339 A1 


© Application number: 90810419.3 
@ Date of filing: 08.06.90 


® Int. C1.5: B01D 61/58, B01D 61/52, 
//A23F5/1 8,A23L2/30 


@ Date of publication of application: 
11.12.91 Bulletin 91/50 

Petach Tlkva(IL) 
Inventor: Katraro, Reuven 

11/3 Hakovesh Street 

© Designated Contracting States: 

AT BE OH DE OK ES FR GB GR IT LI LU NL SE 

Rishon Lezion(IL) 
Inventor: Linder, Charles 

20 Derech Yavne 

© Applicant: MEMBRANE PRODUCTS KIRYAT 

Rehovot{IL) 

WEIZMANN LTD. 


POB 138 Klryat Welzmann 
Rehovot(lL) 

0 Representative: Werffell, Heinz R., 
Dipl.-lng.ETH. 

@ Inventor: Perry, Mordechal 
4 Kaf Zayin Benlssan Street 

Postfach 275 Waldgartenstrasse 12 
CH-8125 ZUr1ch-Zol!ikerberg(CH) 


0 Process & apparatus for the removal of undesired components from aqueous feedstocks. 

(S) An efficient process and system for the removal of at least one organic acid from aqueous feed streams. 
^ For the removal of at least one organic acid from an aqueous feedstock (such as ctrus ju.ce or ^reen co^ee 
extracts) also containing at least one ingredient known to foul electrodialysis membranes. sa.d feedstock .s at 
first subjected to the action of at least one selective non electrodialysis membrane. ^^k,,.^ 

The pemieate of this first step is then subjected to a treatment with at least one electrod.alys.s membrane 
giving a deacidified retentate and an acid effluent. 

A deacidified feedstock is finally reconstituted by combining the retentates of the two steps. 
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FIELD OF THE INVENTION 

The present invention relates to a process and apparatus for removing undesired components and 
especially organic acids from aqueous feedstocks containing them. 

BACKGROUND OF THE INVENTION 

It is frequently desired to separate organic acids from feedstocks containing them. The term 
"feedstocks" as used herein is intended to denote aqueous media generally, whether solutions or 
suspensions, which have an undesired content of organic acids. Such media include, for example, process 
liquids and waste streams from the food industry, or from chemical production plants utilizing synthetic or 
extractive methods, or biotechnological methods, in the known art, the following techniques have been used 
to effect such separations, namely, ion exchange, solvent extraction, absorption with selective resins, 
extraction with supercritical gases, and the action of membranes. 

When effecting such separations, it Is often desired to otherwise maintain the composition of the 
aqueous feedstocks substantially unchanged. By way of example, it may be noted that absorptive 
processes in which citrus juices were contacted with ion exchange resins, have been used to remove citnc 
acid and the bitterness due to limonin, therefrom (Johnsson and Chaundler. CSIRO Food Res. O. 1985: 
4525-32): most of the absorbents used in these processes did not absorb juice sugars, had no adverse 
i effect on' the fruit character of the juices and in particular did not introduce objectionable off flavors. The 
main problem observed during the processing of orange juice related to the slight loss of vitamins, minerals 
and amino acids; see Assar. I^inute Maid Reduced Acid. FCOJ. 19th annual short course for the food 
industry. 1979. Ivloreover, adsorption processes require regeneration of the absortaent. resulting in the use 
of chemicals, consumption of energy and a waste disposal problem for the regenerating chemicals, 
i Selective separations using membranes offer considerable advantages over other known separation 
processes. Thus, they can readily be adapted to a commercial scale and to continuous operation, they do 
not require the use of regenerating chemicals and offer substantial economic advantages. For these 
reasons, conventional separation techniques are being increasingly replaced by techniques utilizing selec- 
tive membranes. Such techniques include reverse osmosis (RO). ultrafiltration (UF) and microfiltration (MF). 
3 all of which are pressure driven, and electrodialysis (ED), which as the name implies is electrically driven. 

In RO. UF and MF, a liquid stream containing soluble and suspended matter is circulated parallel to the 
membrane surface (cross flow) and pressurized simultaneously. Water and some soluble substances are 
transported across the membrane, while the retained soluble and suspended substances are concentrated. 
These processes differ in the dimensions of the membrane pores: in UF membranes they may range from 
5 1.5 to 100 nanometers, in MF membranes from 0.05 microns to 10 microns, while in RO membranes they 
may range from 0.1- to 1.0 nanometers. Thus UF is basically a sieving process - the small molecules are 
responsible for the established osmotic pressure but are not retained by the membrane, the applied 
hydraulic pressures are thus not high; they may be of the order of about 5 bars, as compared with the 
higher pressures of say 10 to 100 bars in the case of RO. 
0 Diafiltration (DF) is a modification of pressure driven processes (mainly UF and MF) in which water is 
added to the feed, to maintain its volume constant. As filtration proceeds, the components are effectively 
washed out from the feed and pass through the membrane, the rate of adding water to the feed equals the 
rate of permeate removal. The diluted permeate stream is regarded as waste and is often discarded. 

In ED. a feed containing ionized species is .circulated in a stack of alternating cation and anion 
15 exchange membranes under an applied electric field, so that the ionized species are transported from the 
feed into the adjacent compartments. Ion exchange membranes have pores of the order of inorganic and 
relatively small organic ions; inorganic ions in particular can be effectively removed by this process. In the 
case of small organic ions having a molecular weight below 200. these can also be readily removed by 
means of ED in the absence of fouling agents, but if large organic ions above 400 daltons are present they 
50 plug the membrane pores with the result that the process becomes very inefficient. Thus, there are 
relatively few successful commercial applications of ED where organic ions are involved. 

As indicated above, unit separation processes such as UF. MF and RO are being increasingly applied 
in the food industry, e.g. for concentrating liquid products. Such processes are especially beneficial for 
products which would be adversely affected by high temperatures, and are also energy efficient. In this 
55 connection, reference may be made, for example, to "Water and ion flow-through imperfect osmotic 
membranes". Breton E.J.. Dissertation Abstr. 18: 822 (1958). Applications of UF and RO for concentrating 
liquid food products were initiated in the dairy industry in the 1960s. Marshall et al in Food Technol. 22: 969 
(1968). studied the concentration of cottage cheese whey solids by RO as an alternative to whey disposal. 
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industrial scale applications of UF and RO in the dairy industry are summarized by Glover. National Institute 
of oSing Reading. England. 1985. Other studies described UF and RO concentrat.ng techmques for 
conce^Sg vSous iqu^ food products such as maple syrup, egg white, fruit and vegetable ju.ces. and 
^:^"^PnrsZ as anthocyanins. .n general, these researches concluded that such techniques. 

' "^"r:rbirS?rS^^^^^^^^^^^ - - preparation of purified beet color 

extracts wh ch we;e separated from soluble solids originally present in the feed. The .u.ces were preflltered^ 

^«mb^ane beina endowed with high retention of the color, while allowing inorganic salts, sugars and beet 

pem>ea.e solubles means mal their recover, is not usually econom.c and Ihey are lost ,n tt» discarded 
""I^F membranes have also been used lor the preparation of protein concentrates haying reduced lactose 

Dairy Industry. National institute for Dairy Research. Readmg. England. 1,985. p. lOOMn 
is added at a rate which keeps protein concentration constant: .t ^^'^^^^^^'^'''^'^^^^''j^^^^^^ 
ate. because by keeping the lactose concentration high in the feed^.t .s removed at a relatively faster rate. 
In this example also, the permeating substances are of low value and can be discarded. 

30 in mTy cases, it is Ssired to remove selected substances from an -^----^ f^^^';;'^'^^^^^^ 
minimal chLges to the remaining composition of the feed. However, the use of ^ ^-^J^f ^^^^ 
coniunction with selective, pressure driven process utilizing membranes has the drawbacks 'a-'Qe 
TantU^s of rinse water are required and that almost inevitably large quantities of feed components are ost 
TouT he elective membranes, and are not economically recoverable. Also membranes wj^th sharp, 

35 denned leLtivities are not available for many applications, while the use of less, se.ect.ve membranes 
^n^:^^::S^:^:""vl;e removed from feeds by ED. of which examples are as 


'°"(lTsmith et al (r"& D Associates Convenience Food Conference. Philadelphia. ^964) reported the 
emovaf of citric acid from citrus juices and improvement of their 

workers reported similarly on the removal of a variety of organic acids from apple and ctrus juices 

SM^c'cid effluent containing less than 10% malic acid alone or in ^—T^l^^l^^^^^^^ 
acids when treated by ED. produces two streams, one of about 30% acid and the other ess than about 
0^%\uTpSem No 3752749). In this case, the separation and concentration of acids .s non-selective 
and the feedt relatvely clean, being free of fouling agents which can clog the membranes and thus 
r3T?h"«rbTS)™^^^ acid esters from admixtures v.th amphoteric amino acids is 

desI^L^^n s'ael Patent Nos. 52686 and 52687. In this case also, the feed is free of fouling agents. ^ 
tany indusf^^^^^^^^^ or waste streams may contain suspended or -'"'j'- -™ 
adhere to the membrane pores or accumulate therein and thereby prevent eff.aent ion transfer ine 
p^bTm of EolTmbraneT^ for example, in deminera.ization of ^^^^^^ ^^^^^J^^ 

proteins), deacidification of citrus juices (fouling by high MW pectic -'j^^^^-^^^^^^^^ 
sugar molasses (fouling by proteins). Further, fouling may arise due to the l^lZZnlT^on^M^ 
size molecules which adsorb strongly on and in the ED membranes; ^-Q; ^/^^^^^^^ > 
about 200 daltons are readily transported across anion exchange membranes, '^^f/ ° f "'^ '^^^^^ 
about 450 are usually very problematic. Thus, the biodegradation product hum.c acid is present in most 
fatura. fate" as charged matter, and during ED such ions accumulate progressively on 
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and in the membrane, and the electrical resistance of the ED stack is raised to the point where operation 

'"TarsTe^^ThLe been made to overcome such difficulties, which would otherwise tend to delay or 

even prevent the penetration of ED technology into industrial and waste treatment fields 

even prevent t p^^^^^^ ^^^^^^ ^^^^^ ^^^^.^^ ^ ^^^^^ ^^.^_^g ^, 3,,„„ 

exchange membranes by coating with oriented layers of amphiphilic surlace active molecules (havmg one 
Poland one hydrophilic end). This method does not have appeared to have been used on an .ndusU. 
^le Japanese Patent No. 1014234 (1980) describes the difficulties encountered m attempting to desalt 
sugar' molasses streams, due to fouling of the (otherwise efficient) anion exchange ^Z"^^^' ^^^^^ 
,0 soLon of the problem by replacing the latter with a neutral porous layer of PVA. wh.ch reduces the 

'"tr^Io%?orto pretreat the feeds to remove fouling substances, e.g. by use of UF to remove 
proteins and other contaminants prior to an ED step, but such processes have the follow.ng drawbacks. 

S High eSraction recoveries require high volumetric efficiencies of the UF/MF/RO step, wh.ch .n turn 
75 means operation at high concentrations Of fouling substances. I.e. low flux. H-,«»«fi«n or 

(b) If it is attempted to increase recovery without excessive concentration of the foulants. diafiltration or 

washing steps may be introduced. However, this leads to a diluted permeate, so that the economy of the 

subsequent ED step is impaired. 

20 SUIVIf^ARY OF THE INVENTION 

It is accordingly an object of the present invention to provide an efficient process and system for the 
removal of at least one organic acid from aqueous feed streams. ^„,t«„ «,hirh 

is also an object of the present invention to provide the aforementioned process and system wh.ch 
25 would leave the ingredients of such aqueous feed streams substantially unchanged apart from the fact that 
at least one organic acid will have been removed- ^ ^ « m^o^^sh^^h 

H is s^ll aTuTlher object of the present invention to provide a process and system of the tVPe f^sc^^^^^^^^ 
in which the removal of at least one organic acid is effected by use of at least one electrod.alys.s 

30 ""^Tet^another object of the invention relates to the use of electrodialysis membranes in the Process and 
system of the type described in which such membranes are much less susceptible to fouling than .n the 
comparable prior art. 

Further objects of the invention will appear from the description which follows. 

The present invention thus provides in one embodiment, a batch or continuous process for removmg a 
3. least one organic acid from an. aqueous feedstock comprising such acid, and for intenm removal of at least 
one ingredient known to foul electrodialysis membranes, which comprises the steps of: 

(i) subjecting the feedsiock under superatmospheric pressure to the action of at least one selective non- 
e ectrodialysis membrane adapted to retain the at least one fouling ingredient, the at least on^J^^^^^^^^^^^ 
non-electrodialysis membrane being selected from the group consisting ° ^^ ^l^J''^'^^^^^ 

^ microfiltration and reverse osmosis membranes, thereby to obtain a) treated '^^^^l^J^^J^^^^^ 
permeate having a significantly reduced content of the at least one fouling ingredient and a substantially 
unchanged content of the at least one organic acid; ^, »^ «ht=,in 

(ii) subjecting the permeate to treatment with at least one electrodialysis membrane, thereby to obtain (c) 
treated perrneate from step (i) now having a significantly reduced content of the at least one organic 

45 acid, compared with such content of the initial aqueous feedstock, and (d) effluent: and 

(iii) combining fractions (a) and (c) to give a product in which the content of water-soluble and water- 
insoluble ingredients is substantially unchanged, other than for the at least one organic acid. 

It is preferred to operate the inventive process according to this embodiment, in such a manner that at 
least a part of (and more preferably, substantially the whole of) treated permeate (c) from step i.) -s 
60 recirculated so as to repeat at least step (li) until stream (c) contains a concentration of .^^^ a^ "e^^* one 
organic acid which lies within a preselected range. In this preferred ^^^bodiment. r^irculated treated 
permeate may be combined with fresh feedstock and the thus modrfied feedstock may be subjected to both 

^^^The pmceis of the invention in this embodiment may for example be applied to the removal of at least 
55 one organic acid from citrus juices, or the removal of at least one organic acid comprising e.g. mai.c acid 
from green coffee extracts and other coffee streams. „,„^-o<. fnr 

In accordance with another embodiment, the present invention provides a continuous p ocess for 
removing at least one species from an aqueous feedstock comprising such species, including contacting the 
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,5 species. ^^._^„, fiyamnle be aDDlied to the removal of bitter components from fruit 

■wmmmm 

absorption apparatus. 
^ BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a particular embodiment of the present process and system. 
AS DETAILED DESCRIPTION OF THE INVENTION 

so which would detract from the overall efficiency and f^TJ °iror,STnlen^ a'continuous process for 

. Sfilissmti 

the thus-treated modified feedstock has fallen to a preselected level feedstock 
It will also be appreciated that since it is a general objective of the invention to recover tne 
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substantially unchanged apart from a significant reduction in the acid content, the ingredients which tend to 
foul the electrodialysis membrane are not undesirable in other respects and are not usually removed from 
the system as a whole, but rather they may be mixed with the other components of the system. 

The selective membranes used to separate ED fouling ingredients may have sharp separation char- 
acteristics, which enable them to discriminate between molecules of rather close MW. For example, 
permeable species may have a MW of about 100-300. while the retained substances (including fouling 
ingredients) may have a MW of about 360-500. or higher. 

In certain cases the separation between such closely related species to be separated can be sharpened 
by maintaining optimal pH in the feed. In one specific case of treating green coffee extracts (GCE) low MW 
organic acids such as citric acid (MW = 210) and malic acid (MW = 134) have to be extracted in the 
presence of another low MW foulant of ED. the chlorogenic acid (CAC). MW 360. The latter is a very strong 
foulant of anion exchange membranes assembled in the ED apparatus. Effective removal of (e.g.) malic acid 
can be readily achieved by ED (see U.S. Patent No. 3752743). provided that the stream does not contain 
foulants; in the case of GCE. this removal can only be effectively achieved if CAC and other high and low 
MW foulants are eliminated from the stream to be contacted with the ED membranes. 

By using selective reverse osmosis membranes ("SELRO") it is possible to effect a transport of organic 
acids such as malic acid into the permeate. The separation characteristics of the selective membranes can 
be imparted during the production of these membranes, but they may also be formed in s.tu by depostting 
from the feed a dynamic layer of artificially added or naturally existing polyelectrolytes dunng the RO step. 
It should be noted that the separation step at the RO membrane is a kind of diaextraction. insofar as the 
extraction may be regarded as being driven by diafiltration using internally recirculated permeate from tfie 
ED step Use of a selective RO membrane is highly advantageous In comparison with the use of UF 
membranes, because in the latter case high MW species (which in any event will not be transported across 
the ED membrane) are mainly retained, whereas all the low MW species such as sugars, ammo acids and 
vitamins are transported across the UF membranes and may be partially lost in the ED step. By contrast 
since the selective RO membrane retains these low MW species to a certain degree, their loss in the ED 
step is minimized. ^ * »• » 

It is also to be stressed once again, that employment of a conventional diafiltration mode at the first 
(RO/UF/MF) step would unduly dilute the permeate to be treated at the ED step, and make the removal of 
) organic acids therefrom very difficult, if not impossible. 

On the other hand, in accordance with an embodiment of the present invention, a selective diaextraction 
process is combined with continuous removal of organic acids. In the example of the removal of malic acid 
from GCE a portion of the feed is contacted with a SELRO membrane which has tailor-made charactenstics 
enabling retention of most of the CAC and a substantial proportion of the sugars; the permeate from which 
5 high and low molecular weight ED foulants have been removed is probessed in the ED unit until the organic 
acid concenuation has been reduced to a satisfactory (preselected) level. The thus-treated feed of the ED 
unit from which most of the organic acid content has been removed, is continuously recycled into the feed 
of the SELRO unit so as to carry out what has been termed herein diaextraction, which is continued until it 
is feasible to withdraw a product in which the organic acid content has been reduced to an acceptable level. 
0 As has already been intimated, the present invention is not limited to the use of ED; another selective 
process such as ion exchange or absorption may be used to permanently remove an undesired species 
from an aqueous feedstock. Tlie permeate from the selective RO/UF/MF step, after treatment for permanent 
removal of the undesired species, may be continuously recycled to effect further extraction of undesired 
species into the permeate. ,t-/i<tr ♦ 

IS For example, a continuous debittering process can be effected, in which a first RO/UF/MF step 
transforms a fraction of the feed volume into a foulant-free and depulped permeate, the permeate is 
subjected to a debittering process with resin-filled column, and the treated feed is continuously recycled 
back to the RO/UF/MF unit to effect further debittering. This process offers substantial advantages over the 
conventional process in which the whole juice volume is subjected to simple depulping. in order to minimize 
50 plugging of the absorption columns. Thus in the present process, there are no losses of the solubles 
beyond the amount of material which is adsortsed on the column, and since the latter is minimized as a 
result of retention of these substances in the preceding SELRO step, the total solute losses are minimized^ 
Furthermore, the pulp composition which imparts to the juice its natural- appearance is maintained 
unchanged, in the present process. - u i 

55 As previously noted generally, rt is possible in this case to replace the SELRO membrane by selective 
UF or MF membranes, which would mainly effect depulping and removal of high MW solubles, thus 
facilitating debittering of the permeate in the subsequent absorption columns. 

The advantages of the present invention will now be illustrated in the following non-limiting Examples. 
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Example 1: Removal of malic acid from aque_ous stream_s in a_bsence o_f fouling. 

■ " e«;i:e:pe:ime:t ~ - c^^r 

with 8 anion exchange membranes Selem.on ^ro. Asah. ^^^^'^^^^ ; , 500 milliamperes at an 
4% aqueous malic acid solution was processed m ^^'^^7'^^^^^^^^^%%"^^^^ pair. The results are 

established voltage of 30-40 volts, i.e. a voltage drop of acid concentration 

shown in Table 1; Table 2 shows results for a s.m.lar expenment where the initial mai.c ac 

was 0.36% 

Table 1. 

ti.e (.ins.) current (.A, vol tags_ ( vol ts ) __pH__.alic_acid_ U ) 


500 27 


2.0 t.2 

15 50G 32 2.G 3.5 

HO 2.0 2.5 


60 500 


time (mins. ) curre 

0 300 


Table 2. 

nt (mA) voltage (volts) pH__malic_acid_( X ) 


32 2.5 G-36 


30 300 U7 3.0 G.12 

300 31 ^-^3 


These results show that the concentration of malic acid can be readily reduced to 300 ppm in absence 
40 of fouling agents. 

Example II: Behavior of chlorogenic acid (CAC). 

' ' An experiment was carried out under similar conditions to Example I. but substituting CAC for malic 
45 acid. The results are given in Table 3. 


50 


65 
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s 

0 

50 

58 

1.25 


60 

80 

58 

1.18 

TO 

120 

100 

58 

1.18 


180 

100 

58 

1.18 

J5 

300 

100 

58 

1.18 


These results show that introduction of CAC into the ED stack causes the voltage to increase to the lim.t 
of the current supply (58 volts), the current declines substantially, i.e. the resistance of the ED membranes 
20 is increasing as a result of poisoning by CAC. The latter cannot be removed from the feed by ED. 

Example III: Malic acid removal in preserTce of chlorogenic acid. 

An experiment was carried out under similar conditions to Example I. There were used one liter of 
25 aqueous solution containing malic acid (a) in absence of CAC and (b) in presence of 2.5% CAC. The results 
are given in Table 4. 

Table k. 

^° ;(a) : in absence of CAC 

time (mins.) current (mA) voltage (volts) pH ^ 

35 0 300 38 2.0 0.54 

15 300 54 2.5 

• 30 300 54 3.0 0.28 

40 

change of malic acid concentration : 0.26?! 
electrical efficiency of malic acid removal: 85% 

(b): in presence of 2.5% CAC 

45 

time (nins.) current (mA) voltage (volts) pH f _ ^ 

0 250 58 2.5 0.38 

15 220 58 2.0 0.28 

30 220 58 2.5 0.19 


change of malic acid concen-tration : 0.19% 
electrical efficiency of malic acid removal: 45JJ 
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. ■ *u of rAP thp efficiencv of malic acid removal is reduced 

current). 

Example IV: Malic acid removal from crude Green Cojfee E)dract. 

a°S°C The GCE was then subjected to ED deacidif.cation. The results are g.ven .n Table 5. 
Table 5. 

time (mins.) current (mA) voltage < ^o^ts^__malic_acid_ U ) 


JS 

0 

250 

48 

0 .50 


15 

180 

58 

0.50 

20 

30 

170 

58 

0.50 


60 

150 

58 

0.50 


90 

150 

58 

0 .50 

25 

150 

150 

58 

0.50 


30 The results demonstrate that there is no removal of malic acid from the crude GCE stream despite the 
fact that it could readily be removed from corresponding non-fouling aqueous streams. 
Example V: Malic a_cid r_emo_v_al from crude Gr_ee_n Coffee Extract a_ft_er pretr_eatment with a selective 
membrane. 

" ' ' In" experimen, »as earned »u, under similar conditions ,0 Exampie J^^f !735^,tra SeLrO 

rjrirn?So=s\rori=^^^^ 

^r^a:;e 6 inM^d— .ed ,o te capable o. selectively transporting n,alic acid Iron, en aqueous 
40 Stream while retaining the CAC. are as shown in Table 6. 


50 


55 


solute 
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Table 6. 

concentration MW rejection 


sodium chloride 
sodium chloride 
sodium sulfate 
sucrose 
glucose 
fructose 

chlorogenic acid 
anthocyanin (grape red color) 
betaxanthine (red beet color) 
sulfonated aromatics 

sulfonated aromatics 

sulfonated aromatics 

sulfonated aromatics 


50Gppm 

DO 

20 

5% 



5% 

iM 2 

35 

1% 

36G 

95 

1% 


70 

1% 


70 

1% 

3 60 

98 

1% 

900 

99 

1% 


98 

1% 

250 

85 

1% 

400 

92 

1% 

700 

99 

1% 

1000 

99.99 


The results of the 


ED experiment with the permeate of this SELRO membrane are given in Table 7. 


Table 1- 

time (mins,) current_ (mA) __voltage_(vol ts ) __pH^ 

0 200 56 6.0 0.17 


30 170 


56 6.0 O.lU 


60 15G 58 5.5 G.09 

90 150 58 5.G G.G7 

15G 58 5.0 0.G5 


15G 15G 


58 4.5 0.03 


lor malic acid concentration is O.140/0. compared with 0.03% for the SELRO permeate. 
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Table 8 

time (mlns.) c 


urrent (mA) voltage (volts) pH ^^^^^.^^^^ 1 


5 

0 

300 


4 , 

0 

0. 

25 


30 

300 

20 

U 

5 

0. 

16 

70 

6G 

300 

20 


5 

0 

17 


90 

300 

20 

k 

0 

0 

14 


120 

300 

20 


.0 

0 

.14 

15 

150 

300 

20 

H 

.0 

0 

.14 


,0 Example VJ: Selectivity o_f SELRO me_mbrane_ towards malic acid and chlorogenic acid as a function of pK 
^ area 8 cm^ was installed in a laboratory scale, magnetically stirred cell, filled with 150 

concentration values In the peoneate and the feed by the (ollowing equation; 
R(%) = (1-Cp/Cf) X too. 

" ,. m T»hla 9 below It will be observed that the relative transport ol malic acid vs. 

rog:^ :;i;rpr rp^de^rnd t "Si.^^^^^^^^ at an optima, point will enable the recovery of most of 
thTmalfc acid (MA) with minimal losses of chlorogenic acid (CAC) into the permeate. 


Table 2- 



R(%) CAC 


MA 

relative permeation: 
100-R (MA)/100-R (CAC) 

5 

89 

60. 

9 

3.6 

U 

90 

62. 

5 

3.8 

3 

79-5 

61. 

6 

1.9 

? 

77-5 

40 

4 

2.6 


Example VII: Deacidification of citrus juices using -diaextraction". 

"■Tl^'diaexirLn system illustrated schematically in Fig. 1. in which '<^^'^';^^^ 
indicated by the arrows, was used for the deacidification of '"'f ^ .^^^^^ v "nfet conduH and 

12% pulp 11 Brix sugar and 1.5% acids was fed at an exemplary rate of 100 IThr. via inlet conau.t 
J, eTa'i'nto feed tank 14 (vented to atmospheric pressure at 16); the '^^^^^^^^^^^^^^^^ 
14 via conduit 18 and thence through conduit 22 by means of centrifugal pump 20 to "^^^^^^^""^ 
24 containing a microfiltration (MF) membrane 26 of area 1 m.2 at a l.near velocity of 4 misec. 
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membrane had 5 micron pores. Treated feedstock may be removed from the module via exit conduit 30 
and valve 32. and may be bled from the system (if desired) by conduit 34. The clanf.ed permeate .ssues 
from module 24 via conduit 28; it had a soluble solids content close to that of the or.g.na feed ju.ce. but .ts 
pulp content was below 0.5%. This depulped juice was fed first to tank 36 wh.ch .s vented to atmospher.c 
p^ssure at 38. and from there via conduit 40. pump 42 and conduit 44 to be deac.d.f.ed ,n un.t 46 which 
contains ED membranes 48. Citric acid is removed from the unit 46 via exit condu.t 50 The concen rat.on of 
citric acid in the depulped juice, measured in tank 36 declined with time as shown m Table 10. It w. be 
appreciated that in general, progressively deacidified juice, previously depulped. may be -j^^dr^-" 
unit 46 via conduit 52 and valve 54. and recirculated to tank 38 for further treatment at the ED membranes 
until a preselected level of acidity is reached. 

Table 10. 
time (mins.) citric acid {%) 


0 

1 . 

5 

3Q 

1 . 

,0 

60 

0, 

.7 

90 

0. 

.3 

120 

0 

.2 


After reaching a citric acid concentration of 0.2%. the depulped and deacidified stream was withdrawn from 
XUeED unit 46 via conduit 52. valve 54 and conduit 56 to intermediate tank 62. there to be m.xed with 
30 treated feedstock from microfiltration module 24. which reaches the intermediate tank ^'^ .^""'^"'^^f' 

32 and conduit 60. From the intermediate tank, the mixture which is effect.vely reconstituted deacidified 
juice may be withdrawn from the system if desired, via conduit 80. but in the present example it is 
ecirculated via conduit 64 and valve 66 into feed tank 14. at a flow rate which was identical to the permeate 
flow rate of -500 iVhour. After about 60 minutes the acid concentration in the feed tank had reduced from 
35 1 5% to 0 5% thus improving the brix to acid value from 7.3 originally, to 22. At this point, a continuous 
supply of fresh orange juice is fed into tank 14 via conduit 10 and valve 12. at a rate of 200 ' Per hour and 
simultaneously, deacidified but otherwise reconstituted juice (with the original pulp content) is bled from the 
system via conduit 68 and valve 70. . . ^. t ■ 

It will be appreciated that the rate of feeding and mixing of the vanous fractions of ju.ce may be 
40 controlled in a manner known per se. Thus, for example, the amounts of liquid passing through valves 12 
66 and 70 and pump 20. may-fai monitored at control box 72 which may include (e.g.) a microprocessor 
(not shown), by information fed through two-way conductive lines 74. 76. 78 and 82. respectively, and the 
control box may output through these lines to control the amounts of the respective l.qu.ds passing through 
these valves and pump 20. Thus, by way of example, control box 72 may be preset to keep the nqu.d level 
45 in tank 14 constant, i.e. the total volume of liquid per unit time passing through valves 12 and 66 into the 
tank may substantially equal the total volume of liquid per unit time withdrawn from the tank via va^ve 68 
and conduit 18. Of course, the water removed with the undesired acid content of the ju.ce via condu.t 50 
may be compensated for by addition of a similar amount of water to tank 14. by means not shown; and the 
amount of water thus added may be controlled from box 72 by means not depicted .n the figure, and 
so therefore may be accounted for in the liquid balance of the overall operation, if desired. „ , ^ .„ 

Those skilled in the art will appreciate that many modifications and variations may be effected .n the 
practice of the invention, and therefore the latter is not to be regarded as limited to the methods of 
operation particularly described. Rather, the scope of the invention will be defined with reference to the 
claims which follow. 


1. A process for removing at least one organic acid from an aqueous feedstock comprising such acid, and 


12 
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tor interim removal of at least one ingredient known to foul e.ectrodiaiysis membranes, which cor^prises 

the steps of: ^^horir nrpssure to the action of at least one selective 

(i)subiecting ^-d feedstock under super^mosp^^^^ . ^^.^^^ ^^.^ 

non-electrodialysis membrane ^<^^P^^^J°J^;^^'" ^^^^^^ the group consisting of selective 

,5 Z A process according to claim 1 . which is operated as a batch process. 

a A process according to claim 1 . which is operated as a continuous process. 

^- .i.im 1 Wherein at least a part of treated permeate (c) from step (ii) is 

organic acid which lies within a preselected range. 

LTga^lracy in «.e Js-ueateO modified feedstock has fallen to a preselected level. 
S. A process according to Cain, t . »Wch is applied to the removal of a. ieas, orre organic acid from citriiS 
juices. 

a A process according to claim 7. wherein the at least one organic acid comprises malic acid. 
" 9 A process according to claim 8. wherein said at least, one selective nor,-e.ectrodialysis membrane 
comprises at least one selective reverse osmosis membrane. 

tnrriiir £dL 
« rrasri^rd^arsrstri^^c^;^^^^^ 

(ii) subjecting said permeate to contact w.th sa.d ^^^^"f J^pe of =«P;j^^°^/^^^^j^ (c) treated 

=^l^ro,To;s i^.t^t:^^B^ - °™ 

Compared wHh such ^ ^^^^^T;^^!! ^^^.. (=, from step (ii) so as to 

;:u~rpTu~r ^^^^ »< - - - -^'^^ 
^^d^^r ai=a.:^:s ^d;tr:.Sirr-:Sd; 


^ EP 0 460 339 A1 ^ 

subjected to steps (i) and (ii) until the concentration of the at least one organic acid in the thus-treated 
modified feedstock has fallen to a preselected level. 
12. A process according to claim 10. which is applied to the removal of bitter components from fruit juice. 

' 13. A process according to claim 10. which is applied to the removal of at least one organic acid from at 
least one stream selected from the group consisting of green coffee extracts and other coffee streams. 

14. A process according to claim 13. wherein the at least one organic acid comprises malic acid. 

15 System for removing at least one species from an aqueous feedstock comprising such species, 
including contacting said feedstock with separation means of first and second types, respectively, 
which comprises in operable combination: 
inlet feed means for said feedstock; 
,5 means for pressurizing said feedstock to a superatmospheric pressure: 

means for contacting said pressurized feedstock with separation means of a first type constituted 
by at least one selective reverse osmosis/ultrafiltration/microfiltration membrane means adapted to 
retain at least one ingredient known to foul said second type of separation means: 
means for removing treated pressurized feedstock from said membrane means; 
20 rrieans for removing permeate from said membrane means and for contacting it with sa.d second 

type of separation means adapted to remove said at least one species; 

means for removing treated permeate from said second type of separation means; 
means for removing effluent from said second type of separation means; and 
means for combining said pressurized treated feedstock with said treated permeate. 

16. System according to claim 15 which comprises additionally: 

means for recirculating at least a part of said treated permeate so as to subject it to further contact 
with at least said second type of separation means. 

30 17. System according to claim 15 which further comprises: 

monitoring means for determining when the concentration of said at least one species lies within a 
preselected range, and control means for terminating operation of said recirculating means when the 
concentration of said at least one species lies within a preselected range. 

35 18. System according to claim 16 which also comprises: »^, c 

means for admixing treated permeate with fresh feedstock and means for circulating the thus- 
obtained admixture serially to contact with both first and second types of separation means treated 
permeate so as to subject it to furlher contact with at least said second type of separation means. 

40 19. System according to claim 15, wherein said second type of separation means comprises electrodialysis 
membrane means. 

20. System according to 15. wherein said second type of separation means comprises ion exchange or 
absorption means. 

21. A process according to claim 7. wherein malic acid is removed in presence of chlorogenic acid. 

22. A process according to claim 13. wherein malic acid is removed in presence of chlorogenic acid. 
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